ABSTRACT: The mammalian high mobility group protein HMGA2 contains three DNA binding motifs associated with many physiological functions including oncogenesis, obesity, stem cell youth, human height, and human intelligence. In the present paper, trapped ion mobility spectrometry-mass spectrometry (TIMS-MS) has been utilized to study the conformational dynamics of the third DNA binding motif using the "AT hook" decapeptide unit (Lys Candidate structures were proposed for all IMS bands observed. Protonation site, proline residue conformation, and side chain orientations were identified as the main motifs governing the conformational interconversion processes. Conformational dynamics from the solvent state distribution to the gas-phase "de-solvated" state distribution demonstrated that ATHP is "structured", and relative abundances are associated with the relative stability between the proposed conformers. The most stable ATHP [M + 2H] 2+ conformation at the "de-solvated" state corresponds to the AT hook motif observed in AT-rich DNA regions.
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T he mammalian high mobility group protein (HMGA2) is a multifunction nuclear transcription factor directly linked to oncogenesis, 1,2 obesity, 3, 4 as well as human height, 5, 6 stem cell youth, 7 and human intelligence. 8 HMGA2 is a small DNAbinding protein carrying three "AT hook" DNA binding motifs that specifically recognize the minor groove of AT-rich DNA sequences. 9 These DNA-binding motifs contain a consensus PRGRP sequence, flanked on each side by one of the positively charged amino acids, i.e., arginine or lysine. In the absence of AT-rich DNA, the "AT hook" DNA-binding motif is commonly assigned as "unstructured". 10, 11 However, upon binding to the minor groove of five AT base pairs, it adopts a defined conformation. 11, 12 This disorder-to-order structure transition in HMGA2 accounts for a variety of nuclear activities, such as transcription, recombination, and DNA replication. 8,9,12−14 With the advent of soft ionization techniques (e.g., electrospray ionization, ESI 14 ) , traditional structural analysis of biomolecules (e.g., circular dichroism, CD, and nuclear magnetic resonance spectroscopy, NMR) can be highly complemented with measurements of ion-neutral collision cross sections (CCSs) using ion mobility spectrometry (IMS). 15−20 In particular, it has been shown that evaporative cooling of the solvent leads to a freezing of multiple conformations, 20, 21 which can be further experimentally analyzed and compared with theoretical calculations of candidate structures. 21−23 With the recent introduction of trapped ion mobility spectrometry (TIMS), 24, 25 the latter studies can be extended as a function of the trapping time inside the IMS cell, thus permitting isomerization kinetic measurements. In the current study, it is reported for the first time the isomerization kinetics of a truncated form of HMGA2 containing the third DNA binding motif: a decapeptide consisting of Lys 1 24, 25 Briefly, a TIMS analyzer was coupled to a maXis Impact Q-UHR-TOF (Bruker Daltonics Inc., Billerica, MA). Data acquisition was controlled using in-house software, written in National Instruments Lab VIEW, and synchronized with the maXis Impact acquisition program. Nitrogen was used as the bath gas at ∼300 K. All samples were prepared at 1 μM concentration using HPLC grade solvents from Thermo Fisher Scientific Inc. (Waltham, MA). Mobility calibration and the number of isomer bands were determined using tune mix calibration standard (G2421A, Agilent Technologies, Santa Clara, CA) that comprises sphere-like structures that can only adopt one conformation (e.g., m/z = 322,
, and m/z = 922,
).
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Mobility, K, of an ion in the TIMS cell can be described by
where v g , E, V elution , and V base are the velocity of the gas, applied electric field, elution and base voltages, respectively. The constant, A, is determined using standards of known mobilities under the same gas velocity conditions. The elution voltage, V elution , can be calculated from the elution time:
and
where V 0 is the initial potential at the entrance to the TIMS analyzer, r is the rate at which the potential is ramped, T elution is the time at which the ion elutes, T ramp is the total ramp time,
T total is the total time for a single TIMS experiment, T trap is the time before the mobility analysis (i.e., to inject ions into the TIMS trap), and TOF is the time between elution of the ion and detection of the ion at the TOF detector. Mobility values (K) were correlated with CCS (Ω) using the equation:
where z is the charge of the ion, k B is the Boltzmann constant, N* is the number density, and m I and m b refer to the masses of the molecular ion and bath gas molecule, respectively. Molecular Dynamic Simulations. Conformational motifs were theoretically investigated using YASARA software (http:// www.yasara.org). Briefly, simulations were performed using molecular mechanics (AMBER 03 force field) in a NVT thermostat that contains the molecular ion of interest interacting with nitrogen molecules. Typical simulation time was ∼500 ps and multiple charge state and protonation sites (i.e., amine terminal, arginine and lysine) were considered. The 
■ RESULTS AND DISCUSSION
Changes in the IMS profile, particularly the relative abundance of IMS bands, of ATHP were observed as a function of the ESI solvent conditions. Three ESI solution conditions are shown in Figure 1 , water/methanol/acetonitrile (33:33:33), water/ acetonitrile/acetic acid (49:49:2), and 10 mM ammonium acetate; from now on referred as ESI solvent conditions I, II, and III, respectively (see Table 1 ). Other solutions, including water/methanol (0:100−100:0) were also compared; however, similar results as ESI solvent condition II were obtained, thus results are not presented here. Inspection of Figure 1 shows that various ATHP conformational isomers are likely preserved during the ESI process and reflect the initial solvent state distribution as in previous studies utilizing bradykinin peptides. 23, 28 Since CCS represents an "average" of the molecular ion surface that is accessible during collisions with the bath gas molecules, each IMS band corresponds to at least one conformational band ( . That is, because of the small size of the molecule (decapeptide), intramolecular columbic repulsion (mainly between the Arg and Lys side chains) plays a larger role in the stabilization of the bulk molecular structure at higher charge states. In addition, heating of the conformational isomers was performed with the purpose of selectively annealing isomers into more stable forms by varying the ion effective temperature (i.e., rf amplitude 150− 250 Vpp) during the trapping step in the TIMS cell. This approach is similar to collision activation experiments performed prior to IMS analysis 27, 28 and may lead to the observation of gas-phase quasi-equilibrium distribution states by changing the ion effective temperature. 22,29−31 For ESI solvent conditions II and III, with the increase of the rf amplitude, the ATHP [M + 2H] 2+ and [M + 3H] 3+ charge state distributions shift to mainly C and H isomers, respectively. That is, the end step conformations obtained with the rf heating are the same as those that predominate in the trapping experiments and more likely the more stable "desolvated" conformers.
Complementary information was obtained by theoretically studying the conformational dynamics of ATHP in the TIMS conditions (i.e., collisions with nitrogen molecules at a bath temperature of ∼300 K). In particular, molecular dynamic simulations were used to investigate the interconversion dynamics as a function of the charge state and protonation site. , the main differences between the candidate structures also arises from changes in the backbone, side-chain orientation, and protonation site. Previous solution phase NMR experiments showed that ATHP binding does not significantly perturb the DNA conformation in the "AT-hook motif" and that all proline residues are in the trans conformation (similar to conformation C). 11, 32 The central RGR core deeply penetrates to the minor groove of AT base pairs and forms extensive electrostatic and hydrophobic contacts with the floor of the minor groove. The two prolines direct the motif away from the floor of the minor groove and place the positively charged amino acids near the negatively charged phosphate backbone making further contacts with DNA. 11 However, a small population of peptides with cis-proline isomers was also observed in good agreement with the candidate structures proposed in Figures 2 and 3 . 32 The relative stability of the conformational isomers proposed in Figures 2 and 3 are also in good agreement with the NMR observations. That is, the all trans-proline conformation is the more stable, and stability decreases with the increase of cisproline isomers. Similar backbone stabilization of the conformational space in proline containing peptides has been previously observed. 22, 23, 28 ■ CONCLUSIONS In solution, ATHP conformations are expected to be selectively stabilized by the solvent conditions and by specific binding to the DNA portion. Previous observation of multiple structures 16, 32 and the results presented here provide a means to better describe the interaction dynamics of ATHP folding and ATHP desolvation. The results presented here also showed that TIMS-MS is a valuable tool to investigate solvent states and that isomerization kinetics can be followed at the level of side chain interaction and backbone relaxation. It is also shown that ATHP is "structured" and that ATHP conformations are defined by the protonation site, backbone, and side orientations and can retain the memory of the initial solvent distribution during desolvation. 
